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D
iabetic retinopathy (DR), the most sight-threatening microvascular complication of diabetes mellitus, is the leading cause of blindness and eye disease in developed countries. 1 Hyperglycemia is believed to be one of the most important risk factors for the development of DR. 2, 3 However, the rate of progression of DR varies considerably among patients. Besides the presence of risk factors such as hypertension, diabetes duration, and smoking, 4, 5 there is evidence suggesting that genetic predisposition plays a role in susceptibility to DR. To date, numerous gene mutations, such as uncoupling protein 1 (UCP1), methylenetetrahydrofolate reductase (MTHFR), receptor for advanced glycation end products (RAGE), angiotensin-converting enzyme (ACE), and aldose reductase (ALR) (also known as AKR1B1) have been implicated in the pathogenesis of DR. [6] [7] [8] [9] [10] In the past, ALR gene attracted much attention. Aldose reductase is the rate-limiting enzyme and can accelerate the sorbitol pathway under hyperglycemic conditions, which leads to the accumulation of intracellular sorbitol. Finally, it causes cellular death. By catalyzing the reduction of glucose to sorbitol, it is thereby implicated in the development of diabetic complications. 11 The ALR gene is located on human chromosome 7q35. 12 It is reported that a common polymorphism in the ALR gene at nucleotide C(À106)T (rs759853) in the promoter of the gene is associated with susceptibility to the development of DR. 9, 13, 14 To date, a number of studies have attempted to explore possible correlations between ALR C(À106)T polymorphism and the risk of DR. However, the question of whether this polymorphism may contribute to DR or not is still controversial. For example, Katakami et al. 9 have found that ALR C(À106)T polymorphism was associated with DR, whereas Deng et al. 15 have reported the opposite result. A previous meta-analysis has investigated all associations of genetic variants with the development of DR, including ALR C(À106)T polymorphism. 16 However, the meta-analysis focused on 34 variants of 20 genes and failed to include detailed analyses, such as subgroup analysis and sensitivity analysis. The study also failed to conduct the meta-analysis in different genetic models. Since then, other case-control studies investigating an association between ALR C(À106)T polymorphism and DR have been conducted. 9, 15, 17 To provide a more accurate evaluation of the association between ALR C(À106)T polymorphism and DR, the present study conducted a meta-analysis to assess the association between ALR C(À106)T polymorphism and DR susceptibility.
METHODS

Literature Search
Literature searches were performed in the following databases: PubMed, ISI Web of Science, and EMBASE in English; and in the Chinese National Knowledge Infrastructure (provided in the public domain by http://www.cnki.net/), VIP (provided in the public domain by http://www.cqvip.com/), and Wan Fang (provided in the public domain by http://www.wanfangdata. com.cn) in Chinese. A combination of key words included the following: diabetic retinopathy or DR; C-106T or ALR2 or ADR or AR or ALDR1 or aldose reductase gene or rs759853 or AKR1B1 or aldo-keto reductase family 1; and polymorphism or variation or mutation or variant or genotype or allele. The references cited in each eligible study were examined for additional citations, and the full texts of all potentially relevant articles were obtained. If there were several studies published by the same population, the recent study was included. The final literature search was updated on November 21, 2014, with no restrictions on publication year, language, or methodologic filter. The DR group consisted of patients with nonproliferative diabetic retinopathy (NPDR) and proliferative diabetic retinopathy (PDR). Subjects were considered to have NPDR on the basis of established features such as microaneurysms, hard exudates, and retinal hemorrhages. The criterion for acceptance into the PDR group was the presence of newly formed blood vessels, fibrous proliferations, and vitreous hemorrhage. The non-DR group consisted of diabetes mellitus (DM) individuals without DR.
Inclusion and Exclusion Criteria
The studies included in this meta-analysis were required to meet the following inclusion criteria: (1) designed as casecontrol; (2) ALR C(À106)T polymorphism and DR evaluated; (3) odds ratio (OR) and the corresponding 95% confidence interval (CI) provided; and (4) distribution of alleles, genotypes, or other information provided for estimation. If multiple publications from the same study population were available, the most recent study would be eligible for inclusion in the meta-analysis. The exclusion criteria were as follows: (1) duplicate data; (2) no control population; (3) abstracts, comments, letters, case report, reviews, or editorial articles; and (4) insufficient data on genotyping.
Data Extraction and Quality Assessment
Two observers (MZ and PZ) independently extracted the following information from the included studies, using a standardized data extraction form: first author, year of publication, country of origin, population ethnicity, DM type, source of controls, case definition, numbers of genotyped cases and controls, and Hardy-Weinberg equilibrium (HWE) for the control group. Any disagreement was resolved by discussion or adjudicated by a third reviewer (XX). If the data were not available, the study's authors were contacted to request missing data. The quality of each study was assessed by using the Newcastle-Ottawa Scale (NOS). 18 The NOS uses a ''star'' rating system to judge quality, based on three aspects of the study: selection, comparability, and exposure. Scores range from 0 stars (worst) to 9 stars (best). Studies with a score of ‡7 were considered of high quality. 19, 20 Any discrepancies were addressed by discussion to reach a consensus.
Statistical Analyses
A v 2 test was used to test the HWE in the controls in each study. P < 0.05 represented significant deviation from HWE. Odds ratios and 95% CIs were used to assess the strength of associations between ALR C(À106)T polymorphism and DR. The pooled ORs and 95% CIs were calculated for the following genotypic models: allele (C versus T), homozygote (TT versus CC), heterozygote (CT versus CC), dominant (CT/TT versus CC), and recessive (TT versus CT/CC). Statistical heterogeneity among the studies was evaluated by using Cochran's Q test and the I 2 statistic. For the Q statistic, P < 0.05 was considered to indicate statistically significant heterogeneity. I 2 was also used to assess heterogeneity in the meta-analysis, and heterogeneity was said to exist when I 2 > 50%. 21 We chose a random-effect model if I 2 was greater than 50%. 22 Subgroup analyses were performed according to ethnicity (Asian, Caucasian, and others), DM type (type 1, type 2), genotyping method, average diabetes duration (>10 years, <10 years), method of DR ascertainment (fundus photographs, fundoscopy, fluorescein plus fundoscopy), and matching variables. To determine the reliability of the outcomes of the meta-analysis, a sensitivity analysis was performed by omitting an individual study each time. Furthermore, we conducted the sensitivity analyses again to delete those studies deviating from HWE and calculate the pooled ORs for the remainder of the studies. Finally, to detect publication biases, Begg's and Egger's measures were calculated and assessed by using Begg's funnel plots. 23, 24 A P value less than 0.05 was considered statistically significant in the test results for overall effect. The analysis was conducted with the Stata software package (version 12.0; Stata Corp., College Station, TX, USA).
RESULTS
Literature Search
The initial search yielded 329 potentially relevant studies. After the removal of duplicates found in the electronic databases, 168 studies remained. On the basis of their titles and abstracts, 142 articles were excluded because of their apparent irrelevance. Twenty-six full-text articles were further assessed for eligibility. Of these, 10 articles were excluded for the following reasons: article was a review (n ¼ 1) 25 ; articles did not focus on DR (n ¼ 1) 26 ; articles had insufficient genotyping data (n ¼ 1) 27 ; and articles did not focus on the C(À106)T polymorphism (n ¼ 7).
14,28-33 Finally, 16 articles met the inclusion criteria and were included in this meta-analysis. 9, 13, 15, 17, [34] [35] [36] [37] [38] [39] [40] [41] [42] [43] [44] [45] Of the 16 eligible articles, 10 were written in English, 9, 13, 15, 17, [34] [35] [36] [37] [38] 45 and 6 in Chinese. [39] [40] [41] [42] [43] [44] In one trial, 13 two kinds of ethnicity were involved: 424 patients were Caucasian-Brazilians, and 155 patients were African-Brazilians. We assumed that the Caucasian-Brazilian patients and the African-Brazilian patients were the subjects in two separate studies. Overall, 17 studies compared DR patients with non-DR patients. Of these, in 13 of the studies, the author did not provide the numbers of NPDR or PDR cases. In the other four studies, the DR patients were classified as NPDR or PDR and the numbers of both were provided. The study selection process is shown in detail in Figure 1 .
Characteristics and Quality of the Included Studies
The main characteristics of the included studies are presented in Table 1 . Among these studies, 10 originated in China, 4 in Brazil, 1 in Australia, 1 in Japan, and 1 in the United Kingdom. In some of these studies, the distribution of the genotypes in the control group deviated from HWE. Overall, 3512/4319 DM patients, with DR/DM patients without DR, were included in this meta-analysis. Of these, the analysis included 365 type 1 DM patients with DR and 324 type 1 DM patients without DR, respectively. The NOS results showed an average score of 7.4 (range, 7-8), indicating that the methodologic quality was generally good.
Meta-Analysis of ALR C(À106)T Polymorphism and DR
The results of the pooled ORs and the heterogeneity test of the meta-analysis are presented in Table 2 . In the comparison of DR patients with no diabetic retinopathy (NDR) patients, the pooled OR was calculated by using the randomeffect model. The results showed a nonsignificant association between ALR C(À106)T polymorphism and DR susceptibility in all genetic models tested (C allele versus T allele: OR ¼ 1. heterozygote model (GT versus TT) ( Table 2 ). Four studies defined PDR and NPDR patients as the case group. Regarding the relationship between ALR C(À106)T polymorphism and NPDR or PDR, as shown in Table 2 , the pooled OR of four studies in all genetic models showed no correlation. Significant heterogeneity was shown in some genetic models.
Subgroup Analysis
Because of the significant heterogeneity found in the above comparisons, we performed a set of subgroup analyses, on the basis of ethnicity, DM type, and genotyping method. In subgroup analysis according to ethnicity, the subgroups Asian, Caucasian, mixed, and African showed no significant association between ALR C(À106)T polymorphism and DR in all genetic models. Next, stratified analyses were performed by DM type. The results showed that the T allele was considered the protection factor of DR in type 1 DM patients. In addition, the correlation between ALR C(À106)T polymorphism and DR in type 1 DM patients was found in all genetic models. For example, the additive model of type 1 DM showed an OR of 1.78 (95% CI ¼ 1.39-2.28) for developing DR in C allele compared with T allele. Furthermore, compared to subjects with the CC genotype, subjects with the TT or CT genotype had an OR of 0.33 (95% CI ¼ 0.17-0.67, P ¼ 0.002) or 0.52 (95% CI ¼ 0.37-0.74, P < 0.001) for developing DR, respectively. The results suggest that ALR C(À106)T polymorphism acts in an allele dose-dependent manner in type 1 DM. However, this significant association was not detected in type 2 DM patients. No significant association between ALR C(À106)T polymorphism and DR in any subgroups or genetic models was revealed by stratification by genotyping method, diabetes duration in the DR group, the method of DR ascertainment, or matching variables. However, significant heterogeneity existed in most subgroups. Detailed information about the subgroups is presented in Table 3 .
Sensitivity Analysis and Publication Bias
To evaluate the influence of an individual data set on the pooled results, one study was deleted at a time. The corresponding estimates did not change greatly when any single study was deleted, reflecting the high stability and reliability of the results of the meta-analysis of ALR C(À106)T polymorphism (Table 4) . Another sensitivity analysis was conducted by again deleting those studies deviating from HWE. When only the studies in which HWE was not violated were considered, the pooled results were similar to the overall result, and no significant association was detected in all genetic models. Figure 3 shows the pooled OR of studies in which HWE was not violated under the dominant model (CT/TT versus CC). In this meta-analysis, we found a genetic association between ALR C(À106)T polymorphism and the risk of DR with type 1 DM. We also performed a ''leave-oneout'' sensitivity analysis in the type 1 DM subgroup, and the result showed that none of the individual studies influenced the pooled results (Table 5 ). Publication bias was tested by using Begg's funnel plot and Egger's test, and all five models were tested ( Table 2) . The results showed a low probability of publication bias. In addition, the funnel plot of studies on the association of ALR C(À106)T polymorphism and DR risk under the dominant model (CT/TT versus CC) is presented in Figure  4 .
DISCUSSION
The ALR gene (also named aldo-keto reductase family 1 [AKR1B1]) C(À106)T (rs759853) is one of the ALR polymorphisms, and its role in the development of DR has been difficult to determine, with study results conflicting. Therefore, to determine the correlations of ALR C(À106)T polymorphism with susceptibility to DR, we performed the present metaanalysis. Our data included 17 case-control studies, including 3512 DM patients with DR and 4319 DM patients without DR, which may help to draw a more accurate and robust estimate of the effects of the C(À106)T polymorphism on DR. In this meta-analysis, under the allelic, dominant, recessive, homozygote, and heterozygote genetic models, all summary ORs showed the lack of a significant association between ALR C(À106)T polymorphism and DR risk. This result is consistent with the findings of the previous meta-analysis. 16 When the relationship between ALR C(À106)T polymorphism and NPDR or PDR was explored, we found that the pooled results of the four studies included in the meta-analysis also showed no association. This finding implied the lack of a relationship between this polymorphism and the severity of DR. To achieve robust and reliable results, we performed a series of analyses. The sensitivity analyses were performed by excluding an individual study each time. This procedure did not greatly change the pooled result; this supported its reliability. In addition, it should be noted that the genetic distributions of the controls in the four studies on the NDR group deviated from HWE, indicating the possibility of bias. Thus, we conducted the sensitivity analyses again, omitting these studies. The results from the pooled ORs before and after omitting those studies deviating from HWE were similar, suggesting that the results were little affected by these studies. Furthermore, no significant publication bias was observed in the pooled results in any genetic model, further demonstrating the robustness of our meta-analysis. It is worth mentioning that in the study of Katakami and colleagues, 9 which had a relatively large sample, ALR C(À106)T polymorphism is associated with DR in Japanese patients with type 2 DM. This is inconsistent with the present meta-analysis. The differing data collection techniques and different characteristics and lifestyles of the populations might be the causes of this discrepancy.
Because differences in ethnic groups, which include different genetic backgrounds, may affect genetic predispositions to human diseases, 46 ,47 the subgroups were based on ethnicity. Our data showed that the ALR C(À106)T polymorphism found in studies of Caucasian, Asian, and other populations all lacked associations with DR. However, the findings from the other ethnic subgroups were based on only two studies; therefore, the findings in these two subgroups should be interpreted with caution. Future studies with larger sample sizes are warranted to verify this association in different ethnicities. In the separate analyses of type 1 DM and type 2 DM, interestingly, the results showed that ALR C(À106)T polymorphism may be involved in the pathogenesis of type 1 DM but not in that of type 2 DM. Moreover, the presence of the C allele might increase the risk of DR in type 1 DM patients. Although glycemic control is believed to be one of the most 48 have found that types 1 and 2 DM have different genetic features and the allele frequencies of HLA-DRB1 and HLA-DQA1, which are involved in autoimmunity against b cells, are more likely to be associated with susceptibility to type 1 DM. Another study also has found that TNF-a allele is significantly lower in type 2 DM than in type 1 . Forest plot of association between ALR C(À106)T polymorphism and DR risk after omitting the studies that deviated from HWE. DM. 49 The pathomechanisms underlying the presence of the C allele increase the risk of DR in type 1 DM patients, and it was proved that the CC genotype is associated with an elevated transcriptional activity of the ALR gene. 50 Thus, the overexpression of ALR could accelerate the polyol pathway and lead to an excessive accumulation of intracellular sorbitol, which could result in the onset and progression of DR. Furthermore, the studies included in the present meta-analysis used different genotyping methods, such as MassARRAY, polymerase chain reaction, and polymerase chain reaction-restriction fragment length polymorphism. However, the stratification analysis showed that different genotyping methods did not affect the pooled result. This finding suggests that different genotyping methods did not affect the results of the studies and that the overall result of this meta-analysis is reliable. Other subgroup analyses based on diabetes duration in the DR group, method of DR ascertainment, and matching variables showed that none of them affected the pooled result.
An important aim of meta-analyses is to identify sources of heterogeneity. In the present meta-analysis, substantial heterogeneity was detected in the additive model (I 2 ¼ 73.2%; P < 0.001), the dominant model (I 2 ¼ 73.7%; P < 0.001), the homozygote model (I 2 ¼ 44.5%; P ¼ 0.029), and the heterozygote model (I 2 ¼ 74.1%; P < 0.001). To investigate the sources of heterogeneity, we performed several stratified analyses of ethnicity, types of DM, and genotyping methods. However, we failed to identify the source of heterogeneity in the subgroup analysis, and heterogeneity remained in most subgroups of the studies. Next, ''leave-one-out'' sensitivity analyses were carried out, the results of which showed that no single study was the main source of heterogeneity. Several factors might cause heterogeneity over various studies: different characteristics of the populations, different data collection techniques, different sample sizes, different lifestyles, and different environmental factors. Thus, the results should be considered with caution.
A previous meta-analysis, performed by Abhary et al., 16 shows results similar to ours. However, there are several main differences between this meta-analysis and our study. First, the authors do not conduct a sensitivity analysis, and so they could not illustrate the stability of their results. Thus, the results of our study are more reliable. Second, they include some studies that deviate from HWE, and these articles could have affected the pooled result. Furthermore, they do not perform a stratification analysis or a sensitivity analysis to prove the reliability of the pooled result. Third, it is well known that ethnic differences may affect genetic predispositions to human diseases. However, Abhary et al. 16 do not perform an analysis of the subgroups based on different ethnicities, and thus, they do not clarify this association among different subgroups. Fourth, the sample used in the present study was larger than that used in the study of Abhary et al. 16 We added 10 newly published case-control studies, which provided enhanced statistical power and increased the reliability of the results.
Despite the strengths of this meta-analysis, it has the following limitations. First, substantial heterogeneity was observed among the studies. Although we performed an analysis of the subgroups through ''leave-one-out'' sensitivity analyses, this heterogeneity could not be fully explained by the results. Therefore, our findings should be interpreted with caution. Second, these studies used different genotyping methods, which may have affected the pooled results. However, the subgroup analysis found that the subgroups using different genotyping methods showed similar results. Third, it should be noted that four studies deviated from HWE. This may have increased the selection bias in the controls. However, when these four studies were excluded, the summary OR was unchanged in the remaining studies, which suggested the high stability of the results of this meta-analysis. Fourth, the pooled OR was calculated by the number of alleles or genotypes of cases and controls, without adjusting for other confounding factors. Fifth, visual inspection of the Begg's funnel plot identified a little asymmetry. The possible cause of this asymmetry is heterogeneity between studies. Finally, the included studies of this meta-analysis had different match variables, which might affect the pooled results. In summary, the results of this meta-analysis showed that ALR C(À106)T polymorphism was not associated with an increased risk of DR. However, ALR C(À106)T polymorphism is associated with susceptibility to DR of type 1 DM. Nonetheless, because of the small sample size of the type 1 DM subgroup and the relatively high heterogeneity, the results should be interpreted with caution. Future studies should use a larger sample of homogeneous patients and unbiased genotyping methods in order to clarify this issue.
